Abstract. A non-ideal MHD collapse calculation employing the axisymmetric thin-disk approximation is used to resolve cloud core collapse down to the scales of the second (stellar) core. Rotation and a magnetic braking torque are included in the model, and the partial ionization resulting in ambipolar diffusion and Ohmic dissipation is calculated from a detailed chemical network. We find that a centrifugal disk can indeed form in the earliest stage of star formation, due to a shut-off of magnetic braking caused by magnetic field diffusion in the first core region. Thus, there is no catastrophic magnetic braking in a model with realistic non-ideal MHD. Fig. 1 shows the magnetic field lines within the inner 10 AU at the end of the simulation in two different cases. A second (stellar) core has just formed in both cases, after second collapse of the first hydrostatic core. The second core is centered at the origin (r = 0, z = 0) and the thin-disk model extends in the equatorial plane. The magnetic field lines are obtained above and below the midplane using the force-free and current-free approximation, using the currents in the midplane as a source term.
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The flux-frozen model (dashed lines) shows extreme pinching of the magnetic field lines, into nearly a split-monopole configuration. This is due to the dragging-in of field lines in the flux-freezing limit. The extreme flaring of magnetic field lines results in catastrophic magnetic braking in this model. Magnetic field lines that tie small radii near the protostar with a much larger lever arm far above the disk can very efficiently extract angular momentum from the midplane region. No centrifugally-supported disk is able to form in this case, and radial infall continues onto the protostar. Conversely, the non-ideal MHD model (solid lines) shows that the same field lines straighten out significantly on the small scales shown in the figure (the full model extends to about 10 4 AU in radius). The straightening of field lines on small scales shuts down the efficiency of magnetic braking, and a disk of radius ≈ 10 R ⊙ is formed when the protostar Basu et al. has mass ≈ 10 −3 M ⊙ and has just begun the accretion process. Based on the angular momentum content of the core at this time, we estimate that direct infall will lead to a small disk (radius < 10 AU) for ≈ 4 × 10 4 yr, representing the early Class 0 phase.
